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Abstract 
Increased energy efficiency and sustainability is more than simply energy efficient 
devices and appliances: it is a function of habits and behaviors as well. This IQP investigates the 
intersection of energy performance and human behavior by looking at the energy usage and 
relative efficiency of select buildings at WPI and at how the students, faculty and staff feel in 
response to the building conditions in order to develop recommendations that will improve 
working conditions as well as building efficiency.  
3 
 
 Table of Contents 
Abstract ............................................................................................................................... 2 
List of Figures ..................................................................................................................... 5 
List of Tables ...................................................................................................................... 6 
Acknowledgments............................................................................................................... 7 
Executive Summary ............................................................................................................ 8 
SECTION 1: Introduction ................................................................................................. 12 
SECTION 2: Background and Literature Review ............................................................ 15 
2.1 Human Behavior ..................................................................................................... 15 
2.2 Energy Usage .......................................................................................................... 17 
2.3 Heating, Ventilation and Air Conditioning (HVAC) .............................................. 18 
SECTION 3: Methodology ............................................................................................... 21 
3.1 Online Survey .......................................................................................................... 21 
3.2 Building Survey....................................................................................................... 22 
3.3 Photographic Evidence ............................................................................................ 25 
3.4 Invoice and Bill Analysis ........................................................................................ 26 
SECTION 4: Results and Analysis ................................................................................... 27 
4.1 Buildings Survey Analysis ...................................................................................... 27 
4.1.1 Gordon Library ................................................................................................. 29 
4.1.2 Atwater Kent..................................................................................................... 31 
4.1.3 Campus Center ................................................................................................. 32 
4.1.4 Kaven Hall ........................................................................................................ 33 
4.1.5 Goddard Hall .................................................................................................... 34 
4.1.6 Stratton Hall ...................................................................................................... 35 
4.1.7 Temperature Comparison ................................................................................. 36 
4.2 Online Survey Analysis ........................................................................................... 38 
4.2.1 Temperature Analysis ....................................................................................... 38 
4.2.2 Computer Usage Analysis ................................................................................ 39 
SECTION 5: Recommendations ....................................................................................... 46 
5.1 Lighting Adjustments .............................................................................................. 46 
5.2 Temperature/Heating Settings Adjustment ............................................................. 47 
4 
 
5.2.1 Adjusting Higher Temperature to Lower Temperatures .................................. 47 
5.3 Computer Usage ...................................................................................................... 50 
5.4 Providing Public Information .................................................................................. 51 
5.5 Adjusting Computer Usage and Habits ................................................................... 52 
5.6 Setting a Computer Low Power State Policy .......................................................... 52 
5.7 Efficiency Recognition System ............................................................................... 53 
5.8 Recommendations for Future Studies and Applications ......................................... 53 
5.8.1 Survey Changes ................................................................................................ 53 
5.8.2 Temperature Acquisition .................................................................................. 54 
5.8.3 Lighting Observations ...................................................................................... 55 
SECTION 6: Conclusion .................................................................................................. 56 
References ......................................................................................................................... 57 
Bibliography ..................................................................................................................... 61 
Appendices ........................................................................................................................ 64 
Appendix A: Survey Form ............................................................................................ 64 
Appendix B: Survey Results from Google Documents ................................................ 80 
Appendix C: Library Survey Results from Google Documents ................................. 102 
Appendix D: Survey Results Analysis ........................................................................ 124 
Appendix E: Building Light Levels/Temperature Measurements .............................. 129 
Appendix F: WPI Campus Gas Costs ......................................................................... 131 
Appendix G: WPI Campus Electricity Costs .............................................................. 134 
Appendix H: Floor Plans of Buildings ........................................................................ 136 
Appendix I: Building Photography ............................................................................. 144 
 
                                                       
  
5 
 
List of Figures 
Figure 1: Graph of understanding of energy conservation program ................................. 16 
Figure 2: LX1010B Light Meter ....................................................................................... 23 
Figure 3: ThermoTech TT1022 Non-Contact Digital Infrared Laser Temperature 
Thermometer ................................................................................................................................. 24 
Figure 4: Casio Exilim EX-ZR100 ................................................................................... 26 
Figure 5: Average Temperature per Building ................................................................... 37 
Figure 6: Summer Temperature Building Ratings ............................................................ 38 
Figure 7: Winter Temperature Building Ratings .............................................................. 39 
Figure 8: Faculty/Staff Computer Usage .......................................................................... 40 
Figure 9: Office Computer Low Power State Usage ........................................................ 41 
Figure 10: Office Computer Usage – Total ...................................................................... 41 
Figure 11: Faculty/Staff Average Power Usage ............................................................... 42 
Figure 12: Student Computer Usage ................................................................................. 43 
Figure 13: Student Computer Low Power State Usage .................................................... 44 
Figure 14: Student Sustainability Score ............................................................................ 44 
Figure 15: Student Average Power Usage ........................................................................ 45 
Figure 16: Power Usage per Computer Savings ............................................................... 51 
 
  
6 
 
List of Tables 
Table 1: Light Meter and Thermometer Specifications .................................................... 24 
Table 2: Color Coding with Lux and Temperature Ranges .............................................. 28 
Table 3: Explanation of Recommended Temperature Ratings ......................................... 28 
Table 4: Explanation of Recommended Lux Level Ranges and Activities. A full table of 
measurements can be found in Appendix C. ................................................................................ 29 
Table 5: Library Lux & Temperature Measurements ....................................................... 29 
Table 6: Atwater Kent Lux & Temperature Measurements ............................................. 31 
Table 7: Campus Center Lux & Temperature Measurements .......................................... 32 
Table 8: Kaven Hall Lux & Temperature Measurements ................................................. 33 
Table 9: Goddard Hall Lux & Temperature Measurements ............................................. 34 
Table 10: Stratton Hall Lux & Temperature Measurements ............................................ 36 
Table 11: Average Wattage Consumption of Electrical Computer Components. ............ 42 
Table 12: Estimated Cost to Heat Library 3
rd
 Floor at Specific Temperature .................. 49 
 
7 
 
Acknowledgments 
We would like to thank the following people for their assistance in providing valuable 
information and insight. We hope that they are recognized for what they provide to WPI. 
  
Bill Grudzinski 
Randall Harris 
Deborah Pizzimenti 
Elizabeth Tomaszewski 
8 
 
Executive Summary 
A commercial building’s functional purpose is primarily to shelter its occupants so they 
can work in adequate conditions that are conducive to productivity. However, as building size 
increases, in order to provide the occupants of a larger building with a comfortable setting, the 
building must use more energy. This means more energy is spent on powering lights and heating, 
ventilation and air-conditioning (HVAC) systems.  
With a strong push to be more efficient and sustainable today, our society is always 
looking for different ways to achieve this, specifically by cutting down on our carbon footprint. 
We now do things such as switch to more energy efficient light bulbs, make our buildings 
operate more energy efficiently, or take more environmentally efficient means of transportation. 
One thing that could potentially bring about a bigger change in our energy efficiency, but which 
is often overlooked, is our behavior. 
The reason we consume so much energy is because we simply use our available resources 
without considering the consequences. We can cut down the amount of energy we consume by 
changing our habits and lifestyle. By making small changes, it is possible reduce total energy 
usage and maintain a holistic system between the occupants and a building. 
The goal of this project was to observe, evaluate, and analyze the efficiency and 
comfortableness of the academic buildings of the Worcester Polytechnic Institute campus. We 
started by acquiring data from members of the WPI community through an online survey.  Once 
data was acquired, we compiled results to generalize the overall attitude of the WPI community 
in regards to comfort in WPI buildings, as well as the efficiency of the buildings. From these 
results we created a set of recommendations to help improve to cut down on the amount of 
energy WPI uses to run its facilities as well as suggestions to improve the energy-awareness of 
the WPI community.  
In order to develop such recommendations, data on both the buildings and the WPI 
community were required. For acquiring data on the WPI community, a public survey was used 
to gauge the WPI community on their behavior and attitudes towards certain aspects of WPI 
buildings. Questions were formed to ask students and faculty about their habits regarding their 
electrical usage, like how often they turn off their electronic devices and computers, and whether 
they turn off lights when temporarily leaving a room. By asking these questions, our goal was to 
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receive enough responses to facilitate a recommendation to accommodate the community’s 
electrical demand. In addition, we included survey questions which asked how the community 
felt about their work area’s conditions; specifically temperature. By learning about how the 
community feels about the temperature of their workspace, we made recommendations on how 
to provide a more comfortable working environment in each building, while also reducing 
heating and cooling costs. 
To physically assess the conditions of the buildings, we performed a temperature and 
illumination building survey of the academic buildings. Using a lux-meter and an infrared 
thermometer, various areas of WPI’s academic buildings were measured and recorded. Areas 
that were primarily targeted were those that students were likely to occupy for long periods of 
time for either academic, social, or activity-related purposes. Taking into account the varying 
nature of outside weather and conditions, illuminations and temperature measurements were 
taken across different days and different times where the weather was different than the previous 
measurement. By taking measurements on days of varying temperature and cloudiness, it 
allowed us to verify whether outside conditions affect the heating-cooling system within the 
buildings as well. 
In addition to acquiring data inside the buildings, photographic evidence of the academic 
buildings were also taken. The main purpose of this is was specifically to observe the windows 
and whether they were being closed correctly, or to see if there were artifacts that may affect the 
conditions inside these buildings (such as air conditioning units). By recognizing which 
buildings’ windows were open or closed, it tells us whether the occupants within the building 
find their working conditions uncomfortable. 
Data regarding WPI’s energy consumption was acquired. Invoices and past bills of how 
much WPI spends on heating and electricity were acquired from the WPI facilities office. By 
combining the costs of heating and electricity with the results gathered, we were able to observe 
the potential monetary savings WPI may gather if more efficient policies were taken.  
From the survey of the WPI community, a number of things were discovered. It was 
found that generally, the WPI community is open to the addition of new appliances and fixtures 
to the building; however they are not particularly interested in receiving information on how to 
be more environmentally efficient. The community is, however, more open to receiving feedback 
on their own personal energy usage. This means that the WPI community may not be interested 
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in receiving regular notifications such as email or reminders to be more efficient, but may be 
interested in more personal feedback that may improve their energy efficiency individually.  
Overall, a majority of the WPI community have good habits when it comes to turning off 
lights when they are in control of lighting. In addition a majority of the students and faculty find 
little problems with the lighting in their work spaces. However, 14% of survey respondents find 
there is either an inadequate or excessive amount of lighting available. To address this problem, 
it is recommended that a more in-depth analysis of the lighting be undertaken. Various spaces 
should be analyzed and measured for their needs and checked if adequate lighting is provided. 
Analysis of the lighting in certain areas should take into account the type of work space for the 
area, the function of the area, and external factors (such as occupancy and sunlight). A lighting 
specific analysis will allow for more targeted changes to be made, will improve lighting in 
specific areas, and may result in better production from students and faculty. 
In regards to computer usage, a majority of students and faculty have relatively good 
energy saving habits when it comes to their computer’s inactive status. Eighty-three percent of 
students and faculty turn off or put their computer in a low power mode. Considering the fact 
that there are hundreds, maybe even thousands of computers on campus, 83% of the WPI 
community putting their computers is a lower power state is a very good way to cut down on 
electrical consumption. However, this only accounts for computers that students and faculty have 
personal control over. There are many computers that are left on constantly, so they are always 
consuming power. If these computers were to be set to turn off, or even go into standby or sleep 
mode when they are inactive for a period of time, the amount of electricity consumed may be 
significantly reduced.  
In the building analysis, it was found that overall WPI’s buildings are heated to a 
relatively warm level. Using the temperature standards listed in the ASHRAE Handbook 50-
2010, it was found that generally WPI buildings’ temperatures are above the recommended 
standard temperature outlined in the handbook. This is especially prevalent in the library, where 
80% of the measured temperatures in the building exceeded the recommended temperature for 
working conditions. From the recorded data, the library appears to be spending the most amount 
of energy on heating. Generally in other buildings, the temperatures were within the 
recommended temperature range or slightly above the recommended range; none had 
temperatures on the scale of those of the library. 
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While other buildings show that they are generally within the ASHRAE recommended 
temperature range, this does not necessarily mean that the building is efficient and achieving the 
recommended temperature range in a proper way. It was found that several buildings had 
additional window-air conditioning units outside of their offices and classrooms. This was 
observed in the winter season, which likely means that during the winter time, the occupants of 
the buildings find the temperature to be too warm for their comfort, and the additional air 
conditioning units are used to alleviate the heat. 
Along with the measured temperature readings, from photographic evidence it was found 
that a number of buildings had air conditioning units outside their windows as well as opened 
windows. Since these photos were taken during the winter, this means there is heat being lost at a 
high rate due to the open windows and air conditioning units. 
After collecting and analyzing these data, we developed a set of recommendations for the 
WPI community and WPI facilities managers. For the most part, the most savings can come from 
adjusting the temperature settings in the buildings. We found that rooms were generally 
overheated, and that they were being heated during times of inactivity. This is unnecessary for 
human comfort, and it also costs a large sum of money over time. Lowering temperatures and 
turning off heat in a room that is unoccupied over the week can yield a monetary savings of up to 
22% on heating costs.  
Our recommendations also address the human aspect of our research and observations. 
Based on survey responses, we found that perhaps the most effective way to get people to change 
their habits is to indirectly promote more sustainable habits and standards by informing people of 
the potential outcomes of changing their habits and being more efficient.  This allows the people 
to make the independent choice to change their habits. Possible ways of implementing this are 
passive reminders, like public notices or fliers, or providing incentives for change.  
12 
 
SECTION 1: Introduction 
In an effort to be more sustainable in today’s society, our leaders are looking for various 
ways to be more energy efficient, to be more sustainable, and to improve our overall 
environmental awareness.  However, not everyone is aware of how buildings contribute to the 
problem. Many of the buildings today do not comply with the new rules and regulations we have 
set since these buildings have been built. Though some of this is due to the way the buildings 
were built, we also have to monitor the occupants of the buildings. 
Habits such as leaving lights on and setting the temperature too hot or too cold result in 
not only a waste of electricity, but a lack of efficiency awareness.
1
  In many high occupancy 
buildings, the lights and air conditioning can be on for 24 hours at a time.  This consumes a large 
amount of electricity and power, and is not conducive to the current efforts towards being 
sustainable and environmentally conscious. To improve the standards of efficiency and 
sustainability, we not only have to develop and implement new technology, but we have to raise 
awareness about what people can do to improve the efficiencies of the buildings they occupy. 
For this project we investigated energy efficiency and air quality issues, relative to the 
interrelationship of building systems and human behavior, in high occupancy commercial 
buildings; specifically the academic buildings of Worcester Polytechnic Institute.  According to 
the Buildings Energy Data Book, high occupancy buildings consume 48% of all energy 
consumed by the commercial sector which uses “just under one-fifth of U.S. energy 
consumption.”2 The main energy usages we will focus on are heating, ventilation, and air 
conditioning (HVAC) systems, and lighting systems which accounted for 57% of commercial 
sector energy consumption in 2006.
3
 The systems in the high occupancy commercial buildings 
we researched use a total of 5.2% of all US energy consumption. Though this percentage may 
seem small, increasing efficiency in even the smallest places could help in other areas and set 
examples for other sectors and building types. 
                                                 
1
 Costanzo, M., Archer, D., Aronson, E., & Pettigrew, T.  “Energy conservation behavior: The difficult path   
from information to action”. American Psychologist, 41(5), 521-528.  (1986). 
2
 "Chapter 3: Commercial Sector." Buildings Energy Data Book. Mar. 2011. US Department of Energy. 13 
Oct. 2011 
3
 Center for Sustainable Systems." Commercial Buildings. University of Michigan, n.d. 
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Energy usage is one aspect of sustainability to which everyone contributes. With the 
world becoming more technologically focused and reliant on computers for work and 
communication, we are more dependent on electricity than ever. Some office buildings leave 
computers and other power consuming devices on for weeks at a time without turning them off. 
Obviously people do not need to use their computers 24 hours a day, 7 days a week, so it is 
recommended that people learn to turn off their computers or put them in a low power state when 
not in use. However, people may not recognize this fact and leave them on without realizing the 
potentially serious consequences. 
In addition to computers, lights are another source that consumes a large amount of 
power. It is estimated 29% of a building’s power consumption is due to lighting.4 While it is 
important to keep areas illuminated for safety reasons, there is no practical need for illuminating 
an area while no one is using it, over-lighting an area for its needs. While light bulbs today have 
become much brighter and more efficient than the commonly used incandescent bulb, we should 
be more conscious of whether the new lighting exceeds the required illumination for the area, 
especially if it is a low traffic area, or if the additional light can cause discomfort.
5
 In order to 
evaluate human comfort, we also have to look at lighting and illumination. 
The efficiency of HVAC systems is generally understood as how much air the system can 
move, heat and cool compared to an amount of electricity used, a Seasonal Energy Efficiency 
Ratio (SEER) rating; typically the amount of fresh air brought into the system is not accounted 
for.
6
 According to the Environmental Protection Agency (EPA), the most effective way to 
improve indoor air quality, outside of eliminating pollutants inside the building, is to increase the 
ventilation.
7
  Ventilation, an increase in the amount of fresh air being brought into the building, 
generally causes a heating or cooling system to operate less efficiently, because when new air is 
brought into the building it needs to be heated or cooled, which requires energy.  However, 
proper ventilation is necessary for decent indoor air quality, which is an important condition to 
satisfy for a comfortable human environment in a building.  
                                                 
4
 "Office Buildings - Energy Consumption," U.S. Energy Information Administration (EIA 
5
 "Energy Savers: How Energy-Efficient Light Bulbs Compare with Traditional Incandescent," EERE: 
Energy Savers Home Page, N.p., n.d. 
6
  "Get the Facts about SEER," Advancedenergy.org/buildings, 2000, Web. 
7
 "Improving Indoor Air Quality | Indoor Air Quality | US EPA," US Environmental Protection Agency, 
N.p., 
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Because heating and cooling regard human comfort, a manager of a high-occupancy 
building can expect to hear complaints about the temperature and humidity of the building. With 
this project, we aimed to reduce the amount of these complaints facility managers receive by 
increasing the comfort of the occupants. This comfortable human environment will be produced 
by increasing indoor air quality in a cost effective and energy efficient way. Locally controlled 
and central controlled HVAC systems will be studied to determine which can be more efficient 
based on building layout. 
Since HVAC systems take 32% of overall commercial building energy usage, and 
probably more in high occupancy commercial buildings, increasing their efficiency would 
significantly reduce costs for businesses and promote a healthier environment.
8
  In this project 
we investigated ways to increase efficiency of these systems without decreasing the human 
comfort levels, a common problem with many current efficient systems. 
In order to make improvements to a building’s overall effectiveness, consumers, building 
managers, and even building designers need to recognize the human impact on the building. The 
system of a building includes its occupants and how they use that building. By identifying and 
recognizing how the occupants use and interact with the building and its systems, we hope to not 
only reduce energy waste, but to strengthen and improve upon the current systems we have in 
place. 
  
                                                 
8
 "Center for Sustainable Systems," Commercial Building,. University of Michigan, n.d. 
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SECTION 2: Background and Literature Review 
2.1 Human Behavior 
We know people are going to consume resources. It is matter of how and how much 
when it comes to looking at sustainability and usage. People have several limiting factors, from 
the wealth and status of the person, to rules that are set in place like those set by the government, 
and even their beliefs. With the standards of living a wider range than before, we can see people 
who hardly use heating or electricity at all to save money, to an endless amount of electronic 
devices and heating/cooling units running on their maximum levels.  For this reason, it is 
important that we look at different social aspects to better understand different kinds of people, 
their preferences, and how they use the various appliances, devices, and aspects within their 
home or office. 
The first aspect we looked at is cost. For most people, saving energy means saving 
money.  With a more significant social and economic interest for more efficient and sustainable 
buildings and equipment, government and tax credits have become bigger incentives for 
buildings to obtain green certification and ratings.
9
 Switching to greener devices often proves to 
maximize profit in the long run.
10
 Even small grants with simple objectives were found popular 
among people.
11
 The issue for most people is being convinced of the potential future gains by 
spending the money now. People are sometimes not willing to part with large amounts of money 
to invest in offers that will return their costs over long periods of time.
12
 
Another thing to look at is why some people do not make adjustments to their behavior or 
to the way the building uses energy. One reason there may be a lack of buildings switching to 
more energy efficient systems is the lack of knowledge among the buildings’ users. “Energy 
Illiteracy”, as Lutzenhiser describes it, is lack of information regarding the energy problem.13 As 
                                                 
9
 Huang, Ming-Hui; Rust, Roland T. “Sustainability and Consumption,” Journal of the Academic 
Marketing and Science 
10
 Huang, Ming-Hui; Rust, Roland T. “Sustainability and Consumption,” Journal of the Academic 
Marketing and Science 
11
  Stern, P.C; Aronson, E; Darley, J.M.; Hill, D.H; Hirst, E. “The Effectiveness of Incentives for 
Residential    Energy-Conservation”. Evaluation and Review 10 
12
 Lutzenhiser, Loren, “Social and Behavioral Aspects of Energy Use,” Annual Review Energy 
Environment, 18.1 (1993): 247-89 
13
 Lutzenhiser, Loren, “Social and Behavioral Aspects of Energy Use,” Annual Review Energy 
Environment, 18.1 (1993): 247-89 
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described in Figure 1, early on people had a very low understanding of energy programs in early 
years of energy conservation. Given the proper knowledge, we believe people are likely to 
change their habits and daily routines if they knew the impact they had cost-wise and energy-
wise.
14
  
 
Figure 1: Graph of understanding of energy conservation program15 
 
One aspect overlooked regarding why people might switch to greener systems or devices 
is the satisfaction they receive from knowing that they are doing something that is considered 
good for the environment. Similar to the how the placebo effect works, when people believe that 
they are doing what is right, they are more inclined to do it again.
16 
People are recognizing the 
effects our society has on the environment. So, people find pleasure in doing things that help 
alleviate the damage they are doing.
17
 However, there can also be negative affects to this 
behavior in terms of being green. Going back to the issue of cost and money, people are used to a 
standard of living. If people find they are cutting back and doing things they are not used to, they 
                                                 
14
 Costanzo, M., Archer, D., Aronson, E., & Pettigrew, T.  “Energy conservation behavior: The difficult 
path   from information to action”. American Psychologist, 41(5), 521-528.  (1986) 
15
 Costanzo, M., Archer, D., Aronson, E., & Pettigrew, T.  “Energy conservation behavior: The difficult 
path   from information to action”. American Psychologist, 41(5), 521-528.  (1986) 
16
 Huang, Ming-Hui; Rust, Roland T. “Sustainability and Consumption” Journal of the Academic 
Marketing    and Science (21 Apr 2010) 
17
 Steg, Linda; Vlek, Charles. “Human Behavior and Environmental Sustainability: Problems, Driving 
Forces, and Research Topics”. Journal of Social issues, Vol. 63, No 1  (2007) 
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will find displeasure, and may spend more and use more resources to maintain their standard of 
living.
18
 In order to establish a popular, greener, efficient lifestyle, we have to find a compromise 
between how people are used to living, and changes that people are willing to adopt into their 
current lives. 
2.2 Energy Usage 
In a study done by the Inter-laboratory Working Group, some people did not mark energy 
efficiency as a major concern relative to other costs of goods and services.
19
 With rising gas 
costs and food prices, many people do not see energy efficiency as large a concern as others. 
Energy usage is on the rise with the surge of more devices depending on electricity. Decreasing 
energy usage will bring economic benefits that everyone should be aware of.
20
 By reducing 
energy usage, a substantial amount of money can be saved. Therefore, there is more money in 
the economy for other necessities. Since electricity is major a necessity, people will pay 
whatever amount they need to maintain. 
Perhaps the simplest thing people can do to cut back on energy usages is change their 
lighting. With lighting attributing to 30% of a typical office building’s energy usage, there is 
potential for energy savings to be made. One option is the more significant introduction of 
natural lighting.
21
 Natural lighting not only provides a source of light, but also can provide solar-
thermal heat, and has the potential for cutting down heating costs by a small percentage. 
Natural lighting not only provides a free source of light, it also has been found to improve 
visual-eye health of its occupants. However, several issues come up with the use of natural 
lighting. One thing to account for is the sun positioning throughout the day. Lower floors will get 
less sunlight in a building that is surrounded by other buildings. Also, there is the potential issue 
of glare. Still, there are many improvements that can be implemented to counter some of these 
                                                 
18
 Csikszentmihalyi, Mihaly. “If We Are So Rich, Why Aren’t We Happy”, American Psychologist Issue 
10,(Oct. 1999) 
19
 Interlaboratory Working Group. “Scenarios for a Clean Energy Future”, Lawrence Berkeley national        
Laboratory and National Renewable Energy Laboratory 
20
 Metcalf, Gilbert. “Energy Conservation in the United States: Understanding its Role in Climate Policy”.    
MIT Joint Program on the Science and Policy of Global Chang ( August 2006)  
21
 Auvil, Ron. "Analyzing Facility Energy Usage." HPAC Engineering - News and Articles for Heating, 
Piping and Air-Conditioning Professionals. Penton Media Inc, 01 Mar. 2011 Web 
18 
 
negatives. Automatic shades, positioning of desks, and size/area management can be arranged to 
maximize optimal usage of natural light.
22
 
The addition of a controlled system that monitors the energy usage in a building is a 
promising idea that currently exists in some buildings. Systems that implement energy control 
devices such as motion detection-light sensors have been found to cut down energy usages in 
high occupancy buildings as well. In rooms such as dormitories that are almost always inhabited, 
there will be some rooms that will not get any movement. Installing systems like these may be 
costly, but over the lifetime of a building, the savings would be significant.
23
 
The additions of semi-intelligent systems also give people the peace of mind of not 
constantly monitoring their habits.  More intelligent systems are learning to integrate the users 
into their systems and adapting to how people use a building’s electrical system.24 The people of 
a building do not have to actively input data into intelligent systems; they do it passively by 
performing daily routines and promoting efficiency awareness.
25
 
2.3 Heating, Ventilation and Air Conditioning (HVAC) 
Heating, ventilation, and air conditioning (HVAC) systems provide heat and central air 
for buildings.  The ventilation brings fresh air from outside and removes air from within the 
building.  The system can condition the fresh air by filtering the air, changing the temperature, 
and altering the humidity.  The conditioned air is then distributed throughout the building.  Large 
buildings typically use HVAC systems because multiple stand-alone units are less efficient and 
cost-effective in those cases. 
That being said, there are also different types of HVAC systems. HVAC systems can 
range from stand-alone units that service individual rooms to large, centrally controlled systems 
serving multiple areas in a building.
26
  Systems for each building will vary, depending on the 
                                                 
22
 Hwang, Taeyon; Kim, Jeong Tai. “Effects of Indoor Lighting on Occupants’ Visual Comfort and Eye 
Health in a Green Building” Indoor Building and Environment - February 2011  
23
  Nyren, Daniel; Jaskoviak, Tory; Rehkugler, Kari “Proj: DSPW01 – WPI Energy Efficiency Lighting         
Study”   (4 Mar. 2010) 
24
 Lawson-Smith, Peter. "Environmental Control in Historic Buildings." Journal of Architectural 
Conservation 4.1 (1998): 45-55. Web 
25
  Kua, H.W.; Lee, S.E. “Demonstration Intelligent Building—A Methodology for the Promotion of Total         
Sustainability in the Built Environment”, Building and Environment Issue 37 – (Jan. 2002) 
26
 EPA. “Building Air Quality: A Guide for Building Owners and Facility Managers”. [Washington, D.C.]: 
U.S. Environmental Protection Agency, Office of Air and Radiation, Office of Atmospheric and Indoor Air 
Programs, Indoor Air Division, Appendix B, 1991. 
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age, size, and type of the building. Two commonly used HVAC systems in place are single zone 
and multiple zone, also sometimes known as a central systems. 
Single zone systems are used to serve areas that have similar heating/cooling/ventilation 
requirements and needs. Areas with these types of HVAC systems tend to have one thermostat 
that controls the area. Multiple zone systems manage the heating and cooling by adjusting the 
temperature of the air in each area. Designs for multiple zone systems include varying airflow to 
suit the temperature needs, or modulating temperature with a supplementary system.
27
 
HVAC systems typically have some sort of air duct system that is used to transport and 
move the air in an area. Within these air ducts, there are also air filters that are used to remove 
and filter particles from the air and prevent exposure to the rest of the system. In addition to 
filters, some HVAC systems may also include heating and cooling coils as part of the 
temperature management of the HVAC system. But with so many components in an HVAC 
system, in order keep the systems running correctly and efficiently, you will need some sort of 
facility manager to oversee the usage of this system. 
A facility manager can generally be seen as the person in charge of operation and 
maintenance of the HVAC of a building, and therefore is the one receiving the complaints or 
comments about the way the system runs. From a survey done by the International Facility 
Management Association (IFMA), based on 294 office buildings, a total of 90% of Facilities 
Managers regularly check for air quality of their systems.  Other key numbers from that survey 
are: only 10% of HVAC systems are under 5 years old, and 72% of managers have not looked 
into updating their systems to occupant controlled units.
28
  From this data and other statistics in 
this survey, it seems that zoned, or locally, controlled units would be preferred by the occupants. 
However, according to Lowes, in an article directly related to the previously mentioned 
survey from the IFMA, a centrally controlled system is more efficient to run and is cheaper to 
install.
29
  In this Lowes article, a company is mentioned that switched to a central controlled 
system, which seemed to lower the complaints about temperature as well as their overall 
                                                 
27
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maintenance costs. These two items are not frequently considered achievable together, which 
causes a problem where one person, or a group of people, is in charge and chooses the cheaper 
upfront option (central controlled units) that may not suit the building residents well.  Another 
way to look at this conflict of interest between zoned and central control is that the centrally 
controlled units work well in certain conditions and likewise for the zoned systems, but those 
conditions are not known. 
Since the economy has declined recently, and there has been more promotion for 
environmentally friendly systems, facilities managers have been looking for ways to save money 
and contribute to environmental care. Since HVAC systems take 32% of overall commercial 
building energy usage, altering these systems is a good way to start saving.
30
  From the IFMA 
survey, 77% of managers have updated or replaced their HVAC systems or components, as well 
as implemented multiple other energy saving methods that have to do with heating, cooling, and 
ventilation of their buildings.
31
  With these upgrades, the systems become more efficient, in 
theory, which saves companies money and helps the environment. With that, it is important to 
observe what these changes have done to affect the air quality in the system.  
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SECTION 3: Methodology 
The goal of this project was to observe where the buildings could be performing 
inefficiently and how could the building be modified to suit the needs and behavior of the 
occupants of the building. To find deficiencies in energy performance and sustainability in order 
to make improvements to buildings and the habits of the building occupants, we needed to 
understand what building systems are currently in place,  how they operate, how efficient they 
are, and how they affect the occupants of the building. Target building systems of concern 
included lighting, heating, ventilation and air-conditioning (HVAC), which affect illumination, 
air quality and temperature. We started by gathering information on the opinions, lifestyles, 
habits, and behavior of the people who use the buildings we chose to study; the students and 
faculty of WPI. This was achieved via the web-based survey instrument given to the WPI 
community. Physical data regarding temperature and lighting of the buildings were also taken. 
To provide additional insight on the school’s energy consumption, the bills and invoices of 
WPI’s gas heating and electric bills were obtained. This was to provide a baseline comparison 
for cost and to help outline the potential outcomes gained from the suggestions in this report. 
This information can be found in Appendix F and Appendix G. The physical data and survey 
data were analyzed and compared to assess issues associated with the intersection of building 
systems and occupant perceptions and behaviors, and to identify opportunities for physical 
changes and behavioral modification.  
 
3.1 Online Survey 
One of the key components of this project was the online survey. This is how we 
obtained information on how comfortable members of the WPI community feel about the WPI 
facilities, and if there are any specific issues with them. Target survey groups included students, 
staff and faculty at WPI.  
In general, the survey was formulated to learn the following about the WPI community: 
 Computer usage habits, including the power mode in which computers are left when not 
in use 
 Lighting usage habits, such as turning off lights when leaving a room 
 Comfort in regards to the temperature of a work space 
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 Comfort in regards to the lighting of a work space 
 Level of willingness to change or adapt to have more energy efficient habits 
The survey was created using the free survey service of Google Docs, and results were 
tabulated for analysis using a combination of the Google Docs survey analysis, Appendix D, and 
Microsoft Excel.  
The survey results were then analyzed using the Microsoft Excel program.  We analyzed 
temperature, lighting, and computer usage results separately. For the analysis of temperature, we 
compiled the opinions of the survey respondents by separating responses by which building they 
applied to, and adding and averaging the data as appropriate. When appropriate, each possible 
answer for a question was assigned a numerical value as a rating. For example, with temperature, 
‘too hot’ was assigned a 10, ‘just right’ a 5, and ‘too cold’ a 0. 
In reviewing the responses regarding lighting in the WPI buildings, we found that we 
could not mathematically analyze the responses. Therefore, survey responses concerning lighting 
did not weigh heavily on our overall results. We did, however, qualitatively gain an 
understanding of the general opinions on lighting by reviewing the responses. 
 To analyze the computer usage results, we started by separating faculty and staff 
respondents from students, in order to be able to evaluate each population for computer usage 
behavior. Numerical values were assigned to each possible answer to each question to facilitate 
the analysis. In general, the most sustainable responses were given a value of 10, while the least 
sustainable responses were given a 0. These data were collected and averaged, and represented as 
ratings out of 10, with 10 being the most sustainable possible. 
 More detailed discussions of the processes of analysis are given in the Results and 
Analysis section of this paper. 
3.2 Building Survey 
In addition to the survey, measurements of the various WPI buildings were gathered. The 
building survey is how the academic buildings were analyzed to measure comfort level in 
comparison to the survey results. For this portion, we obtained temperature and light illumination 
data of various buildings around campus using measuring tools. Initially, the following buildings 
were selected based on the popularity of the buildings and as well as the number of occupants:  
 Atwater Kent 
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 Campus Center 
 Fuller labs 
 Goddard hall 
 Higgins Labs 
 Kaven Hall 
 Salisbury labs 
Note that while we had intended to include the Gordon Library, it was inadvertently 
omitted. However, several respondents identified the Gordon Library as a primary place where 
they conduct their work, so we were able to identify and include data on the library as well.  
Upon additional observation of the buildings and feedback received via the survey, the 
following buildings were later added for temperature and illumination analysis: 
 Olin Hall 
 Stratton Hall 
The temperature and illumination levels were obtained using the tools shown in Figure 2 
and Figure 3. Their specifications are listed in Table 1. 
 
Figure 2: LX1010B Light Meter32 
 
                                                 
32
 Light Meter LX1010B,50,000 Lux Luxmeter with LCD Display." Amazon.com: Home Improvement. 
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Figure 3: ThermoTech TT1022 Non-Contact Digital Infrared Laser Temperature Thermometer33 
 
LX1010B Specifications ThermoTech Specifications 
 Ranges: 0 - 50,000 Lux  
 High Accuracy and dynamic rapid 
response  
 Auto Zeroing; Over-range indication; 
 Accuracy: ±5% 
 Display: 3-1/2 digit 18mm LCD  
 Light sensor attached to digital reader 
displays reading 
 
 Infrared Sensor 
 Temperature Range: -58° to +1022° F  
 Large 1-1/2" 14 Function LCD Screen w/ 
Instant Real-Time Temperature  
 Accuracy: +/- 4°F (2°C) or +/- 2% of 
Reading 
 Trigger activated 
 LCD Displays reading  
 
Table 1: Light Meter and Thermometer Specifications 
There is a light sensor attached to the LCD display through a cable in the light meter. To 
use the light meter, we placed the sensor atop a still table to acquire light readings, making sure 
no shadow was impeding the sensor. 
To take temperature measurements, we pointed the thermometer at the table surface near 
where the light meter was position. It was found that the thermometer was off calibration by +10 
degrees. This was found when comparing the standard body temperature (98.6°F) to the reading 
displayed on the LCD. The LCD consistently displayed a temperature +10°F higher than the 
actual temperature. Our data was adjusted accordingly for this error. 
Using the thermometer and lux-meter, we visited various rooms of each of the buildings 
listed. Although we also collected responses from faculty and staff members regarding their 
particular office spaces, it was difficult to record the temperature and light level of faculty offices 
due to time conflicts and privacy issues. We primarily focused on the areas where people most 
                                                 
33
 "ThermoTech TT1022 Non-Contact Digital Infrared Laser Temperature Thermometer." Amazon.com 
25 
 
frequently sit or do their work. This mostly consisted of open desks, public spaces, and 
laboratories. To mark where the measurements took place, CAD floor plans and building 
dimensions were obtained from WPI Facilities. Maps and locations of where the measurements 
took place are found in Appendix H. 
To analyze the data, a number of sources were used. First was the ASHRAE Handbook, a 
manual constructed by a collection of heating, ventilation, air-condition and cooling (HVAC) 
engineers to provide suggestions and recommendations on how to structure HVAC systems. 
Under the ASHRAE Handbook Standard 55-2010, a temperature range was provided, which we 
used as a baseline temperature range for optimal comfort. Using that baseline, a set of 
temperature ranges were made and color coded to provide easy navigation of the temperature 
data. 
In addition to the information provided by the ASHRAE Handbook, a lighting standard 
was also required to gauge and analyze the illumination data. For this, we used the recommended 
illumination levels set by the Illumination Engineering Society (IES). Using their table for 
Illuminance Generic Indoor Activities, a similar color coded table was constructed. This table 
included the type of indoor activity and the recommended corresponding illumination range, 
measured in lux.  
Because temperature and light readings can fluctuate easily, this needed to be accounted 
for in analyzing the data. Using general knowledge about heat flow and heat transfer, 
assumptions were made which are detailed in the Results and Analysis section of this paper. We 
correlated these assumptions with the data we acquired to draw logical conclusions about the 
data we took and ensure there was no extraneously outlying data. These assumptions were 
general and are not meant to be taken with 100% certainty. 
3.3 Photographic Evidence 
To supplement both the building survey as well as the online survey, photographs of the 
buildings were obtained. The goal of this was to take visual evidence of heat losses/leakages. 
Specifically, the photographs were taken to observe which buildings showed signs that a room 
was being particularly inefficient. The photographs were taken on February 4
th
 of 2012, a 
moderately cool day of 34°F. Observations such as open windows at this weather condition 
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would indicate that the heating system within the room or building at the time was particularly 
warm and uncomfortable, warranting the need to open the window for cooler air. 
The photos were taken with the Casio Exilim EX-ZR100, seen in Figure 4, obtained from 
the Academic Teaching Center resources located in Fuller Labs.  
 
 
Figure 4: Casio Exilim EX-ZR10034 
 
Photos were taken as to not include people for privacy reasons. These photos were 
analyzed by reviewing and noting which buildings had open windows or other appliances that 
may affect the heating-cooling-ventilation systems. The photos can be found in Appendix I: 
Building Photography. 
 
3.4 Invoice and Bill Analysis 
With the bills and invoices of WPI’s energy usage, we learned approximately how much 
is spent on heating and electricity, and attributed a percentage of energy consumption to WPI’s 
buildings. The bills that were obtained were WPI’s gas heating bill (provided by two companies: 
Hess and NSTAR), and the electricity bill (provided by National Grid and Direct Energy).  
The cost per unit energy was obtained. We then calculated the potential cost and energy 
savings for various possible changes in WPI’s energy consumption. 
  
                                                 
34
 "Casio Exilim EX-ZR100 12.1 MP CMOS Sensor with 12.5x Optical Zoom Digital Camera Black." 
Amazon.com: : Camera & Photo. Web.  
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SECTION 4: Results and Analysis 
The results of our research, including what we have learned about the various academic 
buildings, as well as the energy consumption habits of member of the WPI community, are 
presented in this section. This includes the measured temperature and illumination results of the 
academic buildings, as well as the results acquired from the online survey. First, we discuss the 
results of the physical surveys of the buildings; measurements were taken over varying days for 
the sake of contrasting data and results to provide statements about the lighting and temperature 
of WPI buildings at varying conditions, and to observe the effect conditions had on internal 
building conditions. Then, we discuss the results of the online survey which provided insight on 
the level of comfort members of the WPI community feel in various WPI buildings, and on the 
different habits they have in regards to energy consumption. 
 
4.1 Buildings Survey Analysis 
In order to evaluate the current energy usage in terms of temperature and illumination of 
the WPI buildings, we took temperature and lighting measurements in the following frequently 
used locations: 
 Gordon Library 
 Atwater Kent 
 Campus Center 
 Kaven Hall 
 Goddard Hall 
 Stratton Hall 
With the temperature and illumination measurements, the following general assumptions 
were made: 
1. Rooms at higher floors should be warmer than rooms that are at lower floors. This 
is because warmer air tends to rise, and colder air is found at lower heights. 
2. Spaces that are near open/outside doors should be cooler than spaces that are not. 
This is because doors constantly open and close, letting in cooler air. 
3. Areas that are closer to windows should have higher illumination readings 
because of more exposure to the sun 
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4. Areas that are close to windows and on higher floors should be exposed to more 
sun, and therefore should show higher levels of illumination 
 
Using ASHRAE and illumination standards developed by the Illumination Engineering 
Society, the results of the building temperature were color coded for ease of comparison.
35
 Then, 
by comparing the buildings with each other, we were better able to analyze which buildings were 
operating at higher or lower temperatures than others. 
Based on these assumptions, and the lighting and temperature measurements, the 
buildings were evaluated looking for specific trends and patterns. The results are outlined in the 
sub-sections below. The following tables, tables Table 2 – Table 4, were used as keys to help 
generalize the results obtained in our temperature and illumination acquisition. 
 
Color LUX Temp (°F) 
  >750 >89 
  500-750 82-89 
  300-500 75-82 
  150-300 68-75 
  50-150 59-68 
  <50 <59 
Table 2: Color Coding with Lux and Temperature Ranges 
 
Temp. Range  Notation Regarding Temperature Range 
89°F Recommended maximum allowed temperature 
82°F -89°F   
75°F -82°F   
68°F -75°F Optimal recommended temperature range for winter conditions 
59°F -68°F   
59°F Recommended minimum allowed temperature 
Table 3: Explanation of Recommended Temperature Ratings 
 
 
                                                 
35
 Harrold, R., and D. Mennie. IESNA lighting ready reference: a compendium of materials from the IESNA 
lighting handbook, 9th edition : lighting fundamentals .... 4th ed. New York: Illuminating Engineering Society of 
North America, 2003 
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Recommended Lux Level Generic Indoor Activities 
<50 Lux Public spaces with dark surroundings 
15-150 Lux Space where visual tasks are occasional performed (not long term) 
150-300 Lux Visual tasks with high contrast/large size 
300-500 Lux Visual tasks such as typing, reading for a short period of time 
500-750 Lux Visual tasks such as typing, reading for long periods of time (2 hrs.+) 
750+ Lux Extremely special/visual tasks with low contrast colors 
Table 4: Explanation of Recommended Lux Level Ranges and Activities. A full table of measurements can be found in 
Appendix C. 
 Throughout this section, we present the illumination and temperature data obtained from 
the physical surveys of the WPI academic buildings, followed by discussion of the data. This is 
done for Gordon Library, Atwater Kent, Campus Center, Kaven Hall, Goddard Hall and Stratton 
Hall. The other buildings that were surveyed resulted in either inconclusive data, or gave normal 
data which was not noteworthy for the purposes of our project. Some of these results are 
provided in Appendix E. 
4.1.1 Gordon Library 
  Table 5 below displays the data retrieved for Gordon Library in our physical surveys.  
The following is a discussion of these data. 
Floor Location Illumination Levels (Lux)  Temperature Readings (°F) 
3 Side Tables (N) 782 758 730 521   81.1 84.3 78.8 78.0 
3 Cubicles 480 415 423 585   79.0 83.6 76.1 77.5 
3 Lounge (S) 615 471 733 585   76.3 80.1 76.6 77.5 
2 Computers 510 276 617 640   77.3 76.1 72.9 75.0 
2 Windows (E) 519 491 566 520   81.5 77.5 74.1 75.9 
2 Books/Lounge (N) 835 789 698 540   83.1 74.1 74.1 74.5 
1 Lounge (W) 133 338 341 326   75.2 81.0 77.8 77.9 
1 Quiet Zone (N) 492 578 607 595   81.8 78.3 71.0 73.5 
1 Windows (E) 357 317 655 377   81.5 82.7 75.9 74.5 
1 Anderson Labs 249 271 253 309   87.5 87.5 76.4 79.5 
0 Computers (W) 311 300 168 360   86.4 82.0 77.7 78.5 
0 Windows (SE) 464 394 525 415   81.6 79.5 73.2 75.2 
0 Windows (NE) 591 283 609 657   79.3 75.0 74.9 74.5 
 
Table 5: Library Lux & Temperature Measurements 
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Illumination 
The library is a location where people are expected to spend long periods of time looking 
at textbooks or computer screens. The light levels that would be most optimal for this type of 
setting are between the 300-500 lux ranges (marked in yellow). A range of 500-750 lux would be 
more appropriate if people were looking to spend longer hours reading or working in front of 
computer screens. 
Approximately half of the areas we measured showed that across the 4 days of 
measurements, there were inconsistent light levels. This was expected, as many of these areas 
were near windows. We observed that most of the illumination levels were right at or exceeded 
the recommended illumination levels set by the IES. While most areas were, according our 
measurements, adequate light levels, these measurements do not take into account factors such as 
areas with varying surroundings which might include book cases or additional desks.  
One area worthy of noting is Anderson Labs. Anderson Labs is equipped with only 
computers and desks, yet based on the IES lighting recommendations, the room’s lux level was 
rather low. Based on the IES recommended luminance levels, Anderson Labs’ lighting is not 
recommended for those who intend to spend a lot of time at the computers. 
Temperature 
Based on the temperature guidelines recommended by the ASHRAE standard 55-2010, 
Gordon Library’s temperature exceed what is necessary. As shown in Table 5, a majority of the 
measured temperatures are colored yellow and orange, which indicate they exceed the 
recommended temperature range.  
Comparing the results to the general assumptions, the library does not follow the 
assumptions. It was found that the first floor, on average, had higher temperatures than those 
found on the third floor. This does not necessarily indicate that the building is inefficiently 
distributing the heating within the building, as this may be caused by some other factors, such as 
air circulation, or activity. Without extensive research and measurement, no definite reason can 
be found to explain why the lower floors had on average higher temperatures than the higher 
floors. 
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Another noteworthy observation is the lower average temperatures found on the second 
floor. This fits the second assumption regarding temperature and illumination. This can be 
explained by the fact that the entrance to the library is on the second floor. This means that there 
is consistent traffic in and out of the building there, and thus colder air is frequently let into this 
floor. To counter this effect, the library is equipped with an inner-outer door system, which limits 
the amount of cold air available. 
4.1.2 Atwater Kent 
 Table 6 below displays the data retrieved for Atwater Kent in our physical surveys.  The 
following is a discussion of these data. 
Floor Location Illumination Levels (Lux)  Temperature Readings (°F) 
1 1st Floor Lounge 260 254 243   70.2 75.4 73.2 
1 113 389 360 331   74.6 75.6 72.9 
2 Tables/Windows (N) 558 182 469   77.3 75.9 70.3 
2 227 804 818 600   77.6 78.3 72.6 
3 317A 490 477 537   81.0 79.0 75.0 
Table 6: Atwater Kent Lux & Temperature Measurements 
Illumination 
For the most part, lighting inside Atwater Kent was found to be adequate for reading and 
using a computer, according to the lighting range as specified by the IES. There were two places 
in the building which did not match the appropriate ranges. 
The first floor lounge is one of the places in Atwater Kent that did not meet the lighting 
range best for its application. Earlier this academic year, the lounge was repainted a brighter 
orange and new lighting fixtures were installed. While the new lighting fixtures add more light 
sources to the lounge area, the overall illumination of the area is relatively low. This may be due 
to the orange color of the overall area. It was found that lighter colors reflect more light than 
darker colors. In turn the amount of light reflected off a surface may affect the comfort and strain 
on one’s eyes. 
The second set of measurements to note is the 2
nd
 floor: Tables/Windows measurement. It 
was noted that this area was facing the north side, very close to the window. On the 1
st
 and 3
rd
 
day of measurements, the light level was adequate. But on the 2
nd
 day, the measurements were 
taken as the sun was setting down. This means that the lighting in this area is not adequate on its 
own. And the fact that the lux levels were higher on the 1
st
 and 3
rd
 day of measurements, which 
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were taking during midday, fulfills the assumption that illumination is higher during the day for 
areas that are close to windows. 
Temperature 
Compared to the library, Atwater Kent’s temperatures do not fluctuate as much. 
However, the temperatures do reflect the assumption that at higher floors, the temperature is 
warmer. The temperature on the second floor in the tables/windows area was particularly warm. 
This is explained by the fact that there is a radiator heater next to this area.  
Looking at this information, it may have been a better idea to place the heating system 
along the window facing when constructing this building. However, this may not be the most 
efficient option, as it heat would also leak out the windows and may cause the heater to work 
much harder to maintain a specific heat. To make a complete statement about this, a more 
detailed study of windows would need to be undertaken. 
4.1.3 Campus Center 
 Table 7 below displays the data retrieved for the Campus Center in our physical surveys.  
The following is a discussion of these data. 
Floor Location Illumination Levels (Lux 
 
Temperature Readings(°F) 
2 Octawedge 730 550 406 
 
72.8 70.8 76.2 
2 Dunkin Donuts 920 479 769 
 
70.0 77.2 76.6 
3 Odeum 525 336 261 
 
72.2 75.5 70.2 
1 TV/Pool Area 161 213 175 
 
74.3 76.5 72.6 
1 Forkey Commons 861 437 9   74.5 73.5 70.8 
Table 7: Campus Center Lux & Temperature Measurements 
Illumination 
The Campus Center’s lighting spanned a variety of ranges. This is due to fairly large 
windows which let in an adequate amount of sunlight for any type of given work, provided that 
the sun is out and visible during the day. Due in part to the fact that many of the tables available 
are along the west side of the building, where lighting is not impeded by buildings, and to the fair 
amount of sunlight it receives throughout the day, the Campus Center provides sufficient 
lighting. 
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One area to note is the television viewing and pool table area on the bottom floor of the 
Campus Center. This area is mainly meant for socializing rather than serious studying and 
academic working. Therefore, low lighting is appropriate for this application. 
Temperature 
The Campus Center has shown that it is one of the better buildings on campus that stay 
within an adequate temperature range according to the ASHRAE guidelines. Since the Campus 
Center is one of the newer buildings on campus, built in 2001, it is expected that the building has 
newer and more efficient technology compared to other buildings on campus. This may explain 
the better temperature control within the building. 
4.1.4 Kaven Hall 
 Table 8 below displays the data retrieved for Kaven Hall in our physical surveys.  The 
following is a discussion of these data. 
Floor Location Illumination Levels (Lux   Temperature Readings(°F) 
1 Student Lounge (W) 960 122 425   73.0 82.0 79.5 
1 115 (S) 1097 124 690   95.2 76.2 78.3 
2 207 (SW) 920 195 249   81.6 76.1 72.6 
2 202 (NE) 610 567 587   75.0 76.0 73.2 
Table 8: Kaven Hall Lux & Temperature Measurements 
Illumination 
The lighting observed in Kaven Hall is one of the more inconsistent and solar-dependent. 
On the first and third day of light measurements, one thing we noticed was the intensity of the 
sun through the windows. In a majority of the rooms that were measured, the blinds were rolled 
up, thus letting in a copious amount of sunlight. On the second day of measurement, where the 
sun had begun to set, the illumination levels in the building were drastically lower compared to 
the measurements in the first day. The lighting found in Kaven during these later hours was 
found to be insufficient for long term work. 
Temperature 
Kaven Hall may be one of the more inefficient buildings on campus based on the 
measurements. As seen in Table 8, the temperatures are fairly warm and far above the 
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recommended ASHRAE temperature guidelines. The average temperatures for this building 
were higher than the average temperatures of any other building on campus.  
In addition, one of the temperature readings was taken on a weekend, where there were 
fewer people in the building compared to a weekday. On that day, a temperature reading reached 
95°F, which is exceedingly warm and unnecessary. Due to the fact that the temperature was so 
high for a classroom that was likely unoccupied, this leads us to believe that Kaven is thermally 
inefficient. 
The temperature readings on the following days were closer to the normal temperature 
readings found on campus. Taking note of the fact that these readings were taken on weekdays, 
when classes were in session, it is possible that occupants lower the average temperature of a 
building since they may be absorbing heat, or letting heat out when people enter and exit the 
building.  
4.1.5 Goddard Hall 
 Initially, on the first day of measurements, Goddard Hall was not intended as one of the 
buildings on campus of which we would take quantitative measurements. However, there were 
survey responses that suggested that Goddard Hall’s illumination and heating might be 
uncomfortable. Table 9 below displays the data retrieved for Goddard Hall in our physical 
surveys.  The following is a discussion of these data. 
Floor Location Illumination Levels (Lux   Temperature Readings(°F) 
1 104 437 208   71.5 72.4 
2 203 345 220   72.1 72.4 
2 211 228 415   69.7 70.5 
3 311 280 408   74.8 74.4 
3 310 470 362   75.2 73.6 
3 314 349 414   74.0 74.1 
Table 9: Goddard Hall Lux & Temperature Measurements 
Illumination 
While more measurements from Goddard Hall would have provided more information, 
from the data acquired, we can see that the light levels in Goddard Hall would be adequate for 
reading or writing, but not for activities which involve extended periods of time looking at a 
computer screen or observing one single item. Generally, the rooms that were investigated were 
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study/common rooms, so the light levels were just about adequate.  Goddard Hall’s lighting was 
more of a warm color than pure white, which may account for lower readings. 
Windows are not as prevalent in Goddard Hall as compared to other buildings. From the 
photographs taken, shown in Appendix I: Building Photography, Goddard Hall’s windows were 
smaller compared to some of the other windows on other buildings on campus. In addition, a 
large number of air conditioning units were observed. These can limit the amount of light 
entering through the windows. Depending on where the air conditioning units are located relative 
to the sun, the average illumination of Goddard Hall may vary.   
Temperature 
Temperatures within Goddard Hall fall in the ASHRAE recommended temperature 
guidelines. With the exception of one measurement, all rooms fall within the 68°-75° 
temperature range. While Goddard Hall is fairly newer than some buildings on campus, it is 
noted that from the photographs, many rooms and offices in Goddard Hall have external air 
conditioning units. 
The presence of several air conditioning units tells us that those rooms are unreasonably 
warm for the people who use them. However, since these measurements were taken in the 
winter, this begs the question of whether the rooms are uncomfortably warm all year round, or 
just during the summer. If the air conditioning units were installed for the purpose of cooling in 
the summer, it notes that the cooling system in Goddard Hall in the summer is inadequate. If the 
air conditioning units were installed because the rooms are uncomfortably warm all year round, 
then this means the heating system in Goddard Hall is inefficient. Nonetheless, because there are 
air conditioning units outside, heat is lost through the air conditioners’ airways. Therefore, in 
order for the heating system to maintain a certain temperature, it has to work harder, causing it to 
be less efficient. 
4.1.6 Stratton Hall 
 While only one day of measurements was taken of Stratton Hall, the current mathematics 
building, Stratton was one building worth measuring. Stratton Hall has a number of air 
conditioning units outside of its classrooms. Since Stratton Hall was built in 1894, we deemed it 
would be interesting to evaluate the overall conditions of the building and to see whether there 
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were issues with this building. Table 10 below displays the data retrieved for Stratton Hall in our 
physical surveys.  The following is a discussion of these data. 
Floor Location Illumination Levels (Lux)   Temperature Readings(°F) 
0 002A 167 
 
70.8 
0 002 152 
 
72.2 
1 105 Offices 241 
 
73.0 
2 203* 420 
 
69.5 
2 202* 466 
 
69.4 
3 306* 225 
 
67.5 
Table 10: Stratton Hall Lux & Temperature Measurements 
Illumination 
Based on the single day of measurements, Stratton Hall has on average low levels of 
light. The shades were closed which did not allow sun to light the area.  Still, the illumination 
inside Stratton Hall was considerably low. While all of the spaces that were evaluated were 
public spaces, like meeting rooms and classrooms, brighter lighting would be ideal for 
applications like longer periods of work. The lighting would have been better if the shades were 
opened during periods when the sun is out. Still, the lighting fixtures do not provide enough light 
for later hours in the evening when sunlight cannot supplement the building’s lighting. 
Temperature 
Of all the buildings measured, Stratton Hall has the lowest average temperature readings. 
While the only day Stratton’s temperatures were measured was on the fourth day, it was on the 
warmest day we have recorded. In addition, Stratton is right next to the Power House, the 
building that supplies the heating to the main WPI campus. On average, just about every room 
we looked at had an air conditioning unit inside the classroom. We suspect that there is a leakage 
of colder air coming through the units and into the rooms since the air conditioning units were 
not sealed closed.  
4.1.7 Temperature Comparison  
The measured temperatures in the buildings varied considerably. This can be seen when 
looking at different buildings and different floors in the buildings. The following chart, Figure 5, 
shows the average temperatures from the collected data per building floor. The green bar in the 
center represents optimal temperatures stated my ASHRAE, the complete scale can be found in 
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Table 2. From the data we collected, Higgins Labs and Gordon Library appear to have the most 
unreasonable temperatures of the buildings on campus we surveyed. 
 
Figure 5: Average Temperature per Building  
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4.2 Online Survey Analysis 
 The online survey, powered by Google Documents, was filled out by 657 people. The 
following results are a summary and analysis of the most important data gathered from the 
survey.   
4.2.1 Temperature Analysis 
The following graphs are a sum of the data from the survey questions on page 9 and page 
20 in the survey, which can be found in Appendix A.  The first graph, Figure 6, is a compilation 
of the thoughts on the temperature in the summer months in WPI buildings. This was done by 
separating all the building data, then adding and averaging the data. In order to normalize and 
compare the data each response, Too Hot, Just Right and Too Cold, were given a value; 10, 5, 
and 0 respectively. Figure 7 is the sum of the temperature data per building in the winter months.  
 
Figure 6: Summer Temperature Building Ratings 
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Figure 7: Winter Temperature Building Ratings 
Given the results of the survey data for building temperatures, the general trend seems 
that they are much lower than our recorded temperature data. Reasons for this might be that 
people have different preferences on what is comfortable, or that at extreme temperature 
changes, from outside to inside, the temperature inside could seem more comfortable than the 
one outside. Another general result we found in the survey data is that people found the buildings 
to have opposite temperatures that they should. This is that when it is cold outside, people found 
it cold inside as well, and when it is hot outside it appears the buildings are hot inside as well.   
4.2.2 Computer Usage Analysis 
Respondents to the survey were separated into either faculty and staff or students, such 
that analyses of computer usage data could be done specific to those two populations. In this 
section, we display and analyze the data gathered from the survey, respective to each population, 
and as a whole.   
4.2.2.1 Faculty and Staff Computer Usage Analysis 
The following graphs are a collection of computer usage data for the surveyed faculty and 
staff. The questions regarding this section of the survey can be found in Appendix A on pages 2, 
5 – 6, of the survey.   
 Figure 8 relates to question “an” in the online survey. In order to analyze the data 
numerically, each possible answer was assigned a value. The following answers “I leave my 
computer on all the time,” “I put my computer in a low power mode,” and “I turn off my 
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computer when I am not using it,” received values 0, 9, and 10, respectively. The numbers were 
picked with an assumption that a 0 to 10 scale was understandable. Zero was chosen for “I leave 
my computer on all the time” when not in use because this response represents the least 
sustainable action. Nine was chosen for putting the computer in a low power state when not in 
use because it cuts the computer energy consumption down by approximately 90%, depending 
on the computer. Ten was chosen for turning off the computer when not in use because this is the 
most sustainable action to take when not using a computer. Please note that throughout this 
section, the upper limit of 10 is the best score, representing most sustainable.  
 
Figure 8: Faculty/Staff Computer Usage 
In order to obtain a number for “Office Computer Low Power State Usage,” numerical 
values were assigned to the answers for question “ao.” The answers “Very often”, “Sometimes”, 
“Rarely”, and “Never,” were given values 10, 6.667, 3.333, and 0 respectively.  These numbers 
were determined similarly as above, assigning the lowest value to the least sustainable action, 
and the highest value to the most sustainable action. Figure 9 displays the averages of these 
values for the faculty and staff respondents. 
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Figure 9: Office Computer Low Power State Usage 
 
Figure 10 below is a compilation of the sets of data regarding faculty and staff behavior. 
The two averages representing the number of people who put their computers to low power state 
or off when not using, and the frequency of this action, were averaged to create a final 
sustainability score.   
 
Figure 10: Office Computer Usage – Total 
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Figure 11 shows the power usage difference when coupled with the difference types of 
computers and the different types of habits of the faculty and staff. These values were developed 
by multiplying the numerical score for each type of computer from Figure 11 with the watts each 
computer type uses, which can be found in Table 11 below. Given that 3160 and 510 were the 
best possible sustainability scores for desktops and laptops respectively, one can see that laptops 
in use at WPI have a higher percentage of using much less wattage than desktops when in use.  
 
Figure 11: Faculty/Staff Average Power Usage 
 
Device  Min Load Average Load Max Load Standby (Max) 
Lenovo ThinkPad T410s (14")36 35 W 51 W 67 W 1 W 
Dell Optiplex 99037 200 W 232.5 W 265 W 4.8 W 
Dell 2408WFP 24" Monitor38 57 W 83.5 W 110 W 2 W 
Table 11: Average Wattage Consumption of Electrical Computer Components. 
 
By viewing all of these data regarding faculty and staff, we can see that faculty and staff 
laptop users tend to have more sustainable behavior than desktop users.  Among faculty and 
                                                 
36
 "Approximate Desktop, Notebook, & Netbook Power Usage." Penn: University of Pennsylvania. 
University of Pennsylvania: Information Systems and Computing, 31 Jan. 2012 
37
 "Dell Optiplex 990 Technical Guide." Dell Optiplex 990 Technical Guide. Dell. 2011. Web 
38
 Dell™ 2408WFP Flat Panel Manual." Dell™ 2408WFP Flat Panel Monitor User's Guide. Dell. 2008. 
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staff, more laptop users put their computers into low power state or off when they are not being 
used, and laptop users do this more frequently than desktop users. 
4.2.2.2 Student Computer Usage Analysis 
The following graphs are a collection of computer usage data for the surveyed students. 
The questions regarding this section of the survey can be found in Appendix A, on pages 4-6 of 
the survey. Numerical values were assigned to each answer in the same was as they were for the 
faculty and staff responses. All mathematical and analytical processes were also performed the 
same as described in the previous section. 
The data graphs to follow, Figure 12 – Figure 14, are the results for the student computer 
section of the survey.  
 
 
Figure 12: Student Computer Usage 
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Figure 13: Student Computer Low Power State Usage 
 
 
Figure 14: Student Sustainability Score 
 
Similar to Figure 11 of the previous section, Figure 15 below displays the power usage 
difference between laptops and desktops when paired with the different habits of the student 
respondents. These values were developed by multiplying the numerical score for each type of 
computer from Figure 15 with the watts each computer type uses, which are listed in Table 11 of 
the previous section. Given that 3160 and 510 were the best possible sustainability scores for 
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desktops and laptops respectively, one can see that laptops in use at WPI have a higher 
percentage of using much less wattage than desktops when in use or not in use.  
 
 
Figure 15: Student Average Power Usage 
 
By viewing all of these data regarding the WPI students, we can see that student laptop 
users tend to have more sustainable behavior than student desktop users.  Most students put their 
laptops into low power state or turn them off when they are not being used, while most students 
with desktop computers do this less frequently. 
4.2.2.3 Overall Computer Usage Analysis 
Viewing all of these results and analyses as a whole, we observed that among both 
students and faculty and staff, laptop users tend to have more sustainable behavior than desktop 
computer users. Additionally, we saw that laptops overall use much less power than desktops. 
Synthesizing this information, we can see that laptops are the most sustainable option, rather than 
desktop computers, because they use less power, and they also initiate more sustainable behavior 
among their users. 
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SECTION 5: Recommendations 
5.1 Lighting Adjustments 
One of the easier things to adjust on campus is the lighting. As found in our research, up 
to 30% of a building’s energy costs come from lighting.39 One method of adjusting the lighting is 
to replace currently existing bulbs and lighting fixtures with more efficient ones. This method 
has been discussed by other IQP groups.
40
  From our building survey, many areas were 
considered to be over-lit for the area’s typical needs. Our recommendation is to also replace 
existing bulbs with more efficient, higher brightness bulbs, but also reduce/remove the amount of 
light bulbs and lighting fixtures. This will cut down on the amount electricity consumed for 
lighting, as well as increasing the comfort of those areas by reducing the lighting intensity. Light 
reflectors act to dissipate light and disperse it over a wider area. The additional placement of the 
light bulbs at higher levels using light reflectors would therefore also be beneficial.  
Based on the responses from the online survey, as well as illumination levels obtained, 
the following list of buildings was compiled, which shows the buildings and areas that would 
most benefit from the aforementioned lighting changes. The buildings were selected based on the 
survey respondents’ reports of lighting issues and over/under illumination in buildings. Names 
and locations can be found using Appendix B and Appendix E. Locations that would most 
benefit from lighting changes are: 
 Library 
o 3rd Floor: Side Tables 
o 3rd Floor: Lounge 
o 2nd Floor: Books/Lounge 
o 1st Floor: Anderson Labs 
 Kaven Hall* 
o 1st Floor: Student Lounge 
o 1st Floor: Room 115  
o 2nd Floor: Room 207 
 Atwater Kent 
o 1st Floor: Orange Lounge 
o 2nd Floor: Tables/Windows 
 
                                                 
39
 "Office Buildings - Energy Consumption." U.S. Energy Information Administration 
40
 Nyren, Daniel, Tory Jaskoviak, and Kari Rehkugler. WPI Energy Efficiency Lighting Study. WPI Energy 
Efficiency Lighting Study. Professor David Spanagel, Professor Brian Savilonis, 4 Mar. 2010. Web. 
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 Campus Center 
o 1st Floor: TV/Pool Area 
o 2nd Floor: Octawedge 
o 3rd Floor: Odeum Hallways 
 Higgins Labs*  
o 2nd Floor: Room 230 
 Goddard Hall 
o 1st Floor: Room 104 
o 2st Floor: Room 203 
o 2st Floor: Room 211 
o 3st Floor: Room 311 
 
This list only includes rooms in which measurements were taken. Though this list is 
fairly small, our recommendation can also be applied to other rooms and buildings not listed. For 
example, although only three specific rooms in Kaven Hall were recommended, the other rooms 
in Kaven Hall should not be excluded from the lighting-fixture recommendation.   
5.2 Temperature/Heating Settings Adjustment 
Here, we will discuss our recommendations for adjusting the temperature and heating 
settings throughout the WPI campus in order to achieve more sustainable and cost-effective 
energy use. 
5.2.1 Adjusting Higher Temperature to Lower Temperatures 
Of all the buildings on the WPI campus, only two buildings, based on our measurements, 
show temperature readings that are far above what is necessary as recommended by the 
ASHRAE Standard 50-2010. Our recommendation is to lower the temperatures in these 
buildings to the recommended standard. Since this will save money, we explored how much it 
would cost and save WPI to adjust the temperatures. 
5.2.1.1 Equation used to calculate recommended heating. 
To gauge how much more energy these buildings consume, we calculated the estimated 
cost of how much energy each building uses at a certain temperature and using the heating bills 
provided by WPI facilities, an estimated cost to heat a select WPI building was determined. 
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The building in Questions is Gordon Library. To calculate how much heat is required to 
heat the building, the following heat loss equation was used
41
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This equation assumes that the wall is made consistently of 1 type of material. Also, this 
equation does not look at a building as a whole looks at each individual wall. To fit the fact that 
we are looking at buildings that are for the most part rectangular, the equation as modified to be 
the following: 
                    
        
                             
                            
                            
                                                     
5.2.1.2 Estimated Heating Costs  
The following is a rough calculation of how much WPI may be spending on heating for the 
Gordon Library. The calculations were made using the following information: 
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Realistically, temperatures vary constantly, but for simplicity, an outside temperature of 
32°F was assumed.  
These calculations are not perfectly accurate, as they are based on several assumptions 
and neglect factors such as people moving in/out of the building, the fact that there are windows 
(which have a higher factor of heat loss), and rate of air circulation. These calculations show the 
worst case scenario of heat loss in a building that is completely made of brick walls.  
From invoices obtained from WPI Facilities, it costs on average $ 0.000010248/BTU to 
heat up a 1 cubic foot of air by 1 degree Fahrenheit. By using the formula and values provided 
above, the costs of heating WPI Gordon Library was calculated in Table 12 below:  
Target Temp 
(°F) 
Outside Low 
Temp(°F) 
Temp Diff. 
(°F) Cost per BTU 
BTU 
Used 
Cost to heat building 
per month 
64 32 32 $ 1.02E-05 64,845 $1,027.28 
65 32 33   66,871 $1,059.39 
66 32 34   68,898 $1,091.49 
67 32 35   70,924 $1,123.59 
68 32 36   72,950 $1,155.69 
69 32 37   74,977 $1,187.80 
70 32 38   77,003 $1,219.90 
71 32 39   79,030 $1,252.00 
72 32 40   81,056 $1,284.11 
73 32 41   83,082 $1,316.21 
74 32 42   85,109 $1,348.31 
75 32 43   87,135 $1,380.41 
76 32 44   89,162 $1,412.52 
77 32 45   91,188 $1,444.62 
78 32 46   93,214 $1,476.72 
79 32 47   95,241 $1,508.82 
80 32 48   97,267 $1,540.93 
81 32 49   99,294 $1,573.03 
82 32 50   101,320 $1,605.13 
83 32 51   103,346 $1,637.23 
84 32 52   105,373 $1,669.34 
85 32 53   107,399 $1,701.44 
86 32 54   109,426 $1,733.54 
Table 12: Estimated Cost to Heat Library 3rd Floor at Specific Temperature 
As shown in the table, WPI could save about $385/month if WPI could operate the 
Gordon Library at an average temperature of 74°F as compared with operating the building at 
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86°F, a value measured in several rooms of the library during our survey. This equates to 
approximately a 29% savings in heating costs throughout a span of a month. By altering the 
temperatures throughout the WPI campus, these savings could increase greatly. 
5.3 Computer Usage 
Given that computers probably use the most electricity outside of lighting on campus, one 
step towards increasing sustainability would be to improve computer usage efficiency.  A few 
simple options are available here, assuming these do not affect the network, program licenses, or 
anything else that is accessed by outside computers.  One option would be to power down the 
computers in buildings that are closed overnight like the library. This could also be done in 
buildings where there is very little traffic at night. Another option is to “Sleep” the computers in 
labs or for common use around campus.  Currently most monitors on campus turn off after a 
period of inactivity; therefore the computer should be able to be put to sleep. Since nearly every 
new Windows 7 computer has a very fast wake up time from sleep, there should not really be a 
problem here.  Also the computer is practically awake and fully functional by the time the 
monitor turns back on anyways. This could take place after a time of maybe 15 minutes of 
inactivity. The 15 minutes was chosen because it is slightly longer than the time between classes, 
which would allow for someone to log off, go to class and a new person exiting a class to get to 
the computer before it goes to sleep.  
The following Table is an approximate amount, by percentage, that WPI could save if 
they implemented either of these plans. Given that most lab computers are desktops, the average 
power usage data from Figure 11 will be used here.  Also for the amount slept per day, assume 
usage of 75% of the campus computers per hour, but only between the hours of 7am and 5pm. 
After 5pm, the amount of computes in use will decrease to 25%. This results in a total in use 
time of 11 hours per computer assuming these usage percentages.  These numbers are only 
educated guesses, by no means are they measured values.  
Figure 16 shows the approximate amount of savings between the different plans in kWh.  
This is per computer, and since there is no specific number of desktop computers on campus that 
we could find there is no monetary value of saving.  For the first option of turning the computers 
off at night where they are not used yields a savings of 25%. The second plan of sleeping the 
computer after not in use for 15 minutes yields a 53% savings.  
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Figure 16: Power Usage per Computer Savings 
5.4 Providing Public Information 
As found in the survey, the respondents seem to object to receiving regular reminders on 
how to be more efficient. From this result, we can assume that the WPI community is not 
interested in receiving emails or text suggestions on how to be more environmentally efficient. 
One of our recommendations is to implement subtle, less direct suggestions to the occupants. 
Subtle reminders that do not take up peoples’ time such as flyers or word of mouth reminders 
that advocate more environmentally efficient habits may prove to be effective in improving 
habits. Subtle reminders that ask people to turn off their computers when they are not in use, or 
dress warmer instead of increasing temperatures, may yield savings, as well as teach the 
occupants more efficient ways to adapt to their surroundings.  
Instead of email or text alerts, the use of posters or 24-hour screens slide shows like those 
in the library may be more effective. These would allow people to feel less pressured to change 
their habits, but would still inform them and allow them to make their own independent decisions 
to make personal adjustments to their habits. Exposure to this type of information over time may 
cause people to retain such information, which may translate to a change in habits.
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5.5 Adjusting Computer Usage and Habits 
As found in the survey, the WPI community was found to be moderately efficient in 
regards to their computer use. WPI students and faculty can still improve upon their computer 
usage habits. One way to encourage these changes in habits is to inform students and faculty of 
how much more electricity they are consuming by leaving their computers and devices on when 
they are not in use. If people are exposed to actual numerical data that justifies turning off their 
computers and devices when they are not being used, they may realize how much they are 
consuming, and how much money they could save by changing these habits. With money 
involved, people may be more willing to change their inactive computer usage.  
5.6 Setting a Computer Low Power State Policy  
A more specific suggestion would be to set a network policy that would have campus 
computers that are constantly running and connected to the WPI network to go to a low power 
state after a certain amount of time. According to the WPI Computing and Communications 
Center, there are approximately 11 public computer labs, with a total of 283 desktop 
computers
44
. Using the information provided in Table 10, it costs approximately 72731 Watts/hr. 
or 72kWh to run those computers under the minimum load. That means in a single day (24 
hours), those 283 desktop computers consume 12,219 kilowatts/week. This roughly equates to an 
estimated cost of $1,466 to power the computers a week. This is an estimated cost, so the actual 
cost may vary. Still, a cost of $1466/week on electricity is a rather high cost of maintaining 
computer usage and access.  
If a standby mode policy were to be set on these computers, assuming that from the hours 
of 10pm – 8am the computers are not in use that means the computers would be running active 
41.6% less of the time. This equates to a savings of $850/week. Over a span of a year, this can 
save upwards of $32,000. This only accounts for a portion of the several desktop computers on 
campus. Labs such as the ones in Atwater Kent and Higgins Laboratories were not included. 
Therefore, we would expect the energy savings to be much higher. Returning the computer from 
a lower power state should not take too much time or inconvenience the users; the average time 
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 "Public Computer Labs." WPI Computing & Communications Center (CCC) -. WPI Computing & 
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it takes for a computer to return for sleep/standby mode to active mode takes between 8-30 
seconds.
45
 So, from a monetary and electrical consumption standpoint, it would be very 
beneficial to set low power state policies on the computers.  
5.7 Efficiency Recognition System  
Another way to increase efficiency in the WPI lighting and HVAC systems is to 
implement a small reward/recognition system. In a study done by Mark Zanna, it was found that 
people are likely to adjust and respond if there is some sort of reward or recognition for changing 
your behavior for the better.
46
 In a sense, competition likely drives people to work harder on the 
small things. When the issue is regarding sustainability, Zanna found that people are willing to 
adjust their habits if it results in a “cleaner” environment that they are able to see or recognize.47 
To implement such a program here at WPI or any other large scale building would require 
accurate metering and measuring equipment. 
Installing and improving upon the current sub-metering systems would allow such a 
program to exist. Specialized meters that can tell which areas or sectors of a building consume 
more or less energy will allow a regular report to be generated. Such information can then be 
forward to occupants on a regular basis, and may provide reinforcement for more sustainable 
behavior.  
5.8 Recommendations for Future Studies and Applications 
Our research has yielded a lot of data that can be analyzed in various ways. If future 
projects decide to pursue a similar course of study, there is much that can be improved on our 
methods to produce more detailed projects and results. 
5.8.1 Survey Changes 
In the survey we constructed, we had several questions regarding people’s behavior and 
habits. However, in our survey, people were directed to different questions based on their 
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responses to previous questions. This resulted in some questions getting responses, and some not 
getting any responses at all. Because of this, there were not as many definite statements that 
could be determined form those questions and responses. An improvement on the method we 
have taken would be to structure the questions in a way to avoid leaving some questions 
unanswered and receiving too few responses. 
It may also be beneficial to group similar questions together rather than have them 
separated. In our survey we had questions such as “Do you find it too hot in the winter?” and 
“Do you find it too cold in the winter?” There were multiple copies of questions similar to these 
two where only one or two words were changed. While these two questions deal with two 
different seasons, the survey could have been structured such to reduce the number of questions, 
the time it takes for survey respondents to answer the survey, and the time it takes to analyze the 
results of the survey. 
The addition of condition-specific questions would also allow us to see the areas with 
which people have particular issues. While we do have a comments section at the end of our 
survey, it may have been more beneficial to have a set of questions were people could 
specifically describe their issues or problems with their work area. This would generalize the 
issues within work environments and allow future projects to diagnose specific solutions for such 
areas. 
5.8.2 Temperature Acquisition  
The building data acquisition could have been more accurate. The thermometer used 
measured relative surface temperature, rather than the actual air temperature. Using a thermal 
imaging device or a thermometer that measures specific air temperature would have yielded not 
only more accurate representation of working condition temperatures, but also allow for better 
observation of which areas are warmer/cooler than certain areas. 
Thermal imaging would allow us to visually observe which areas have varying 
temperatures, and thus allow observers to find the sources of the temperature differences. 
Thermometers measuring the air temperature would give a better representation of what 
temperatures and conditions people find uncomfortable or comfortable. 
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5.8.3 Lighting Observations 
While there were little faults seen with the illumination data acquisition, it was noted that 
different areas of the building had not only different light bulbs, but different types of light. 
There was lighting that emitted “warm” and “cool” lights, which are types of lights from 
different ends of the UV spectrum. If data such as the temperature of the lighting was acquired, 
combined with the correct responses from the survey respondents, key lighting issues may be 
addressed. Issues like brightness/intensity of lights can be addressed and a study of whether or 
not certain lights affect people’s perception and comfort can be better observed.  
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SECTION 6: Conclusion 
The goal of our project was to observe, evaluate, and analyze the efficiency and 
comfortableness of the academic buildings of the Worcester Polytechnic Institute campus. We 
did this by conducting an online survey of members of the WPI community, to learn about their 
opinions regarding the lighting and temperature in various buildings on the campus, and to learn 
about their habits regarding energy usage. We also conducted physical surveys of the most 
commonly used WPI buildings, evaluating lighting and temperatures of each. We synthesized 
these data to determine if there are any buildings which are overusing energy by overheating or 
over lighting, or if there are any other general adjustments that should be made to make the areas 
more comfortable for building occupants. We also used this information and information about 
WPI’s spending on energy to determine potential savings from adjusting the lighting and heating 
systems in these buildings. Altogether, we found that WPI could make significant energy and 
cost savings by adjusting their systems in several main buildings on campus, which would 
improve the building users’ comfort as well as WPI’s sustainability. By following our 
recommendations and expanding on our research, Worcester Polytechnic Institute could increase 
its comfortableness, its energy expenses, and its overall sustainability. 
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Appendix C: Library Survey Results from Google Documents 
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Appendix D: Survey Results Analysis  
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The following graphs are averages per building of the “Final Questions” found on page 30 of the 
online survey. 
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Appendix E: Building Light Levels/Temperature Measurements 
1/14/12 1/25/12 2/7/12       1/14/12 1/25/12 2/7/12   1/14/12 1/25/12 2/7/12   
Time Time Time Building Floor 
Location/Room 
Num. Lux Lux Lux   
Temp 
(F) 
Temp 
(F) 
Temp 
(F)   
13:39 17:09 12:08 Library 3 Side Tables (N) 782 758 730   81.1 84.3 78.8   
13:50 17:05 12:09 Library 3 Cubicles 480 415 423   79.0 83.6 76.1   
13:51 17:05 12:10 Library 3 Lounge (S) 615 471 73   76.3 80.1 76.6 AVG 
13:53 17:07 12:06 Library 2 
Computers near 
Café 510 276 617   77.3 76.1 72.9 78.790 
13:53 17:08 12:05 Library 2 Windows (E ) 519 491 566   81.5 77.5 74.1   
13:55 17:09 12:04 Library 2 Books/Lounge (N) 835 789 68   83.1 74.1 74.1 
STD 
DEV 
13:57 17:11 12:17 Library 1 Lounge (W) 133 338 341   75.2 81.0 77.8 4.027 
13:58 17:12 12:18 Library 1 Quiet Zone *N) 492 578 607   81.8 78.3 71.0   
13:59 17:13 12:19 Library 1 Windows € 357 317 655   81.5 82.7 75.9   
14:01 17:14 12:21 Library 1 Anderson Labs 249 271 253   87.5 87.5 76.4   
14:02 17:15 12:13 Library 1 Computers (W) 311 300 168   86.4 82.0 77.7   
14:04 17:16 12:14 Library 0 Windows (SE) 464 394 525   81.6 79.5 73.2   
14:05 17:17 12:15 Library 0 Windows (NE) 591 283 609   79.3 75.0 74.9   
14:07 17:20 12:22 Library N/A Outside 52000 8 21600   29.5 30.4 44.1   
14:09 16:50 12:58 Kaven N/A West Entrance 5200 197 5700   28.7 36.0 46.5 AVG 
14:11 16:51 13:00 Kaven 1 Student Lounge (W) 960 122 425   73.0 82.0 79.5 78.225 
14:15 16:51 13:02 Kaven 1 115 (S) 1097 124 690   95.2 76.2 78.3 
STD 
DEV 
14:16 16:57 13:05 Kaven 2 207 (SW) 920 195 249   81.6 76.1 72.6 5.941 
14:17 16:53 13:03 Kaven 2 202 (NE) 610 567 587   75.0 76.0 73.2   
14:19 16:48 23:55 Fuller 1 
Floor Outside Lower 
Perrault 73 395 96   70.9 68.0 68.0   
14:21 16:47 23:57 Fuller 3 Lounge € 2380 152 4100   79.4 65.0 70.5   
14:23 17:25   Fuller 3 310 535 460     71.2 73.8     
14:25 16:49 23:54 Fuller N/A 
Outside Lower 
Entrance 4500 25 73   25.6 32.0 44.2   
14:28 16:37 12:48 Atwater 1 Orange Lounge 260 254 243   70.2 75.4 73.2 AVG 
14:29 16:38 12:47 Atwater 1 113 389 360 331   74.6 75.6 72.9 75.260 
14:30 16:39 12:56 Atwater 2 Tables/Windows (N) 558 182 469   77.3 75.9 70.3   
14:33 16:42 12:49 Atwater 2 227 804 818 600   77.6 78.3 72.6 
STD 
DEV 
14:34 16:43 12:55 Atwater 3 317A 490 277 537   81.0 79.0 75.0 2.988 
14:40 17:21 12:23 Salisbury 1 Lounge 476 103 440   72.5 71.5 68.8   
14:40 17:20 12:24 Salisbury 1 123 (S) 380 562 405   75.7 68.5 69.0   
14:43 17:22 12:26 Salisbury 1 407 425 210 429   76.5 73.0 71.8   
14:45 16:21 12:32 CC 2 Octawedge 730 550 406   72.8 70.8 76.2 AVG 
14:45 16:22 12:33 CC 2 
Tables by Dunkin 
Donuts 920 479 769   70.0 77.2 76.6 73.580 
130 
 
14:49 16:23 12:36 CC 3 Odeum 525 336 261   72.2 75.5 70.2   
14:50 16:24 12:34 CC 1 TV/Pool Area 161 213 175   74.3 76.5 72.6 
STD 
DEV 
14:51 16:25 12:35 CC 1 Forkey Commons 861 437 9   74.5 73.5 70.8 2.392 
1/14/12 1/25/12 2/7/12       1/14/12 1/25/12 2/7/12   1/14/12 1/25/12 2/7/12   
Time Time Time Building Floor 
Location/Room 
Num. Lux Lux Lux   
Temp 
(F) 
Temp 
(F) 
Temp 
(F)   
14:54 16:18 12:29 Higgins 1 Outside 116 118 129 112   81.0 73.5 71.5   
14:57 16:20 12:30 Higgins 2 230 170 542 620   80.2 78.0 78.5   
  16:28 12:40 Goddard 1 104   437 208     71.5 72.4 AVG 
  16:31 12:41 Goddard 2 203   345 220     72.1 72.4 72.892 
  16:31 12:42 Goddard 2 211   228 415     69.7 70.5   
  16:33 12:42 Goddard 3 311   280 408     74.8 74.4 
STD 
DEV 
  16:33 12:43 Goddard 3 310   470 362     75.2 73.6 1.668 
  16:34 12:44 Goddard 3 314   349 414     74.0 74.1   
  16:59   
*East 
Hall 1 
Ground Floor Study 
Suite   349       * 70.0     
Date Temp(F) Feels like Humidity Conditions Winds 
1/14/12 26 13 44% Mostly sunny W @17 mph 
1/25/12 35 27   Partly Cloudy WNW @ 10mph 
2/7/12 39 32 55% Cloudy WNW @ 13mph 
            
  LUX Temp       
  >750 >89       
  500-750 82-89       
  300-500 75-82       
  150-300 68-75       
  50-150 59-68       
  <50 <59       
            
  Light Levels         
  <50 Public spaces with dark surroundings   
  15-150 Space where visual tasks are occasional performed (not long term) 
  150-300 Visual tasks with high contrast/large size   
  300-500 Visual tasks such as typing, reading   
  500-750 Visual tasks such as typing, reading for long periods of time 
  750+ Extremely special/visual tasks with low contrast 
    http://www.mts.net/~william5/library/illum.htm 
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Appendix F: WPI Campus Gas Costs 
The following is a list of the WPI buildings where gas heating is provided by the main 
Power House. The table following is the monthly consumption and cost of gas heating by the 
buildings listed below. 
1. Alden Hall (Auditorium, Classrooms) 
2. Alumni Gym (Gym, Offices, Pool) 
3. Alumni Gym Extension (Locker Rooms, Offices) 
4. Atwater Kent (Classrooms, Labs) 
5. Bartlett Center (Admissions, Financial Aid) 
6. Boynton Hall (Offices, Administration) 
7. Campus Center (Offices, Meetings Rooms, Dining) 
8. Daniels Hall (Residence Halls, Offices) 
9. Fuller Labs (Classrooms, Auditorium) 
10. Goddard Hall (Classrooms, Labs, Offices) 
11. Gordon Library (Library, Meeting Rooms) 
12. Harrington Auditorium (Gymnasium, Classrooms) 
13. Higgins Labs (Classrooms, Labs) 
14. Kaven Hall (Classrooms, Labs) 
15. Morgan Daniels Wedge (Meeting Rooms) 
16. Morgan Hall (Resident Hall, Offices, Food Service) 
17. Olin Hall (Classrooms) 
18. Powerhouse (Boiler Room) 
19. Project Center (Offices, Classrooms) 
20. Salisbury Labs (Classrooms) 
21. Sanford Riley Hall (Resident Hall, Administration) 
22. Stratton Hall (Classrooms, Offices, Physical Plant Workshops) 
23. Washburn (Classrooms, Labs) 
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FY 2009 Date of Bill Therms Hess NSTAR 
Cost per 
MMBTU Total Cost 
  Jul/2008 0 $0 $100   $100 
  Aug/2008 0 $0 $100   $100 
  Sep/2008 0 $0 $100   $100 
  Oct/2008 1,053 $1,236 $223 $1.385565 $1,459 
  Nov/2008 74,300 $80,338 $8,747 $1.198991 $89,085 
  Dec/2008 121,027 $120,180 $27,123 $1.217109 $147,303 
  Jan/2009 150,201 $155,375 $33,637 $1.258394 $189,012 
  Feb/2009 167,011 $159,041 $36,291 $1.169576 $195,332 
  Mar/2009 134,332 $105,634 $29,210 $1.003811 $134,844 
  Apr/2009 124,257 $92,393 $27,027 $0.961073 $119,420 
  May/2009 80,032 $56,144 $17,443 $0.919470 $73,587 
  Jun/2009   $0 $100   $100 
Total   852,213 $770,341 $180,101 $1.115263 $950,442 
              
FY 2010 Jul/2009 0 $0 $100   $100 
  Aug/2009 0 $0 $100   $100 
  Sep/2009 0 $0 $100   $100 
  Oct/2009 1,676 $1,059 $240 $0.775060 $1,299 
  Nov/2009 77,096 $73,148 $6,553 $1.033789 $79,701 
  Dec/2009 104,765 $93,819 $26,700 $1.150375 $120,519 
  Jan/2010 148,635 $133,105 $37,839 $1.150093 $170,944 
  Feb/2010 158,167 $141,641 $41,651 $1.158851 $183,292 
  Mar/2010 137,025 $122,708 $36,097 $1.158949 $158,805 
  Apr/2010 117,688 $105,392 $31,017 $1.159073 $136,409 
  May/2010 91,649 $82,073 $24,176 $1.159303 $106,249 
  Jun/2010 0 $0 $100   $100 
Total   836,701 $752,945 $204,673 $1.144516 $957,618 
              
FY 2011 Jul/2010 0 $0 $100   $100 
  Aug/2010 0 $0 $100   $100 
  Sep/2010 41 $31 $106 $3.341463 $137 
  Oct/2010 1,914 $1,245 $354 $0.835423 $1,599 
  Nov/2010 73,013 $48,850 $9,782 $0.803035 $58,632 
  Dec/2010 77,045 $47,065 $20,563 $0.877773 $67,628 
  Jan/2011 148,614 $105,003 $39,572 $0.972822 $144,575 
  Feb/2011 166,170 $116,601 $49,054 $0.996901 $165,655 
  Mar/2011 143,104 $101,550 $42,258 $1.004919 $143,808 
  Apr/2011 127,964 $84,450 $37,799 $0.955339 $122,249 
  May/2011 85,900 $60,458 $25,407 $0.999593 $85,865 
  Jun/2011 0 $0 $0   $0 
Total   823,765 $565,253 $225,095 $0.959434 $790,348 
 
Notes 
 Therms: unit of measurement of heat energy, equivalent to 100,000 BTU 
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 Hess: Company that provides the gas used for heating 
 NStar: Company that provides the transportation of gas 
 MMBTU = 1,000,000 BTU 
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Appendix G: WPI Campus Electricity Costs 
The following is a list of the WPI buildings that receive electricity from the Power House 
and monitored by a single meter. The table following is a table of how much kWh is used by the 
buildings as well as the monthly costs of consumed electricity.  
1. Alden Hall (Auditorium, Classrooms) 
2. Alumni Gym (Gym, Offices, Pool) 
3. Alumni Gym Extension (Locker Rooms, Offices) 
4. Atwater Kent (Classrooms, Labs) 
5. Bartlett Center (Admissions, Financial Aid) 
6. Boynton Hall (Offices, Administration) 
7. Campus Center (Offices, Meetings Rooms, Dining) 
8. Daniels Hall (Residence Halls, Offices) 
9. Fuller Labs (Classrooms, Auditorium) 
10. Goddard Hall (Classrooms, Labs, Offices) 
11. Gordon Library (Library, Meeting Rooms) 
12. Harrington Auditorium (Gymnasium, Classrooms) 
13. Higgins House (Offices, Food Service, Meeting Rooms) 
14. Higgins House Garage(Storage, Offices) 
15. Higgins Labs (Classrooms, Labs) 
16. Kaven Hall (Classrooms, Labs) 
17. Morgan Daniels Wedge (Meeting Rooms) 
18. Morgan Hall (Resident Hall, Offices, Food Service) 
19. Olin Hall (Classrooms) 
20. Powerhouse (Boiler Room) 
21. Project Center (Offices, Classrooms) 
22. Salisbury Labs (Classrooms) 
23. Sanford Riley Hall (Resident Hall, Administration) 
24. Skull Tomb (Meeting Place) 
25. Stratton Hall (Classrooms, Offices, Physical Plant Workshops) 
26. Washburn (Classrooms, Labs) 
27. Field House (Storage) 
28. Football Field Garage (Storage) 
29. Press Box/Bleachers (Press Box) 
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FY 2009 Date of Bill KHW Nation Grid Direct Energy Cost per kWh Total Monthly Cost 
  Jul/2008 1,483,200 $227,018   $0.15305960 $227,018 
  Aug/2008 1,266,400 $206,413 $55,328 $0.20668193 $261,742 
  Sep/2008 1,663,200 $46,430 $174,454 $0.13280664 $220,884 
  Oct/2008 1,483,200 $43,849 $195,626 $0.16145833 $239,475 
  Nov/2008 1,533,600 $47,094 $180,382 $0.14832812 $227,476 
  Dec/2008 1,372,800 $43,071 $143,966 $0.13624417 $187,036 
  Jan/2009 1,310,400 $31,822 $137,387 $0.12912775 $169,209 
  Feb/2009 1,358,400 $41,489 $142,455 $0.13541299 $183,945 
  Mar/2009 1,320,000 $38,622 $104,452 $0.10838864 $143,073 
  Apr/2009 1,562,400 $42,379 $123,633 $0.10625448 $166,012 
  May/2009 1,286,400 $39,079 $101,793 $0.10950871 $140,872 
  Jun/2009 1,312,800 $36,738 $103,882 $0.10711456 $140,620 
Total   16,952,800 $844,004 $1,463,358 $0.13610507 $2,307,362 
              
FY 2010 Jul/2009 1,466,400 $41,882 $116,036 $0.10769094 $157,918 
  Aug/2009 1,428,000 $43,205 $112,998 $0.10938585 $156,203 
  Sep/2009 1,812,000 $52,770 $143,384 $0.10825276 $196,154 
  Oct/2009 1,545,600 $44,268 $122,303 $0.10777109 $166,571 
  Nov/2009 1,483,200 $41,884 $129,721 $0.11569916 $171,605 
  Dec/2009 1,423,200 $40,715 $124,473 $0.11606802 $165,188 
  Jan/2010 1,303,200 $34,935 $113,978 $0.11426719 $148,913 
  Feb/2010 1,456,800 $41,888 $127,412 $0.11621362 $169,300 
  Mar/2010 1,020,000 $35,625 $89,209 $0.12238725 $124,835 
  Apr/2010 1,562,400 $50,055 $136,648 $0.11949693 $186,702 
  May/2010 1,346,400 $49,689 $117,756 $0.12436572 $167,446 
  Jun/2010 1,372,800 $47,422 $120,065 $0.12200466 $167,488 
Total   17,220,000 $524,338 $1,453,983 $0.11488519 $1,978,323 
              
FY 2011 Jul/2010 1,826,400 $64,039 $159,737 $0.12252300 $223,776 
  Aug/2010 1,819,200 $207,110 $0 $0.11384675 $207,110 
  Sep/2010 1,857,600 $206,429 $0 $0.11112672 $206,429 
  Oct/2010 1,672,800 $182,196 $0 $0.10891679 $182,196 
  Nov/2010 1,466,400 $153,554 $0 $0.10471495 $153,554 
  Dec/2010 1,454,400 $153,044 $0 $0.10522827 $153,044 
  Jan/2011 1,394,400 $152,228 $0 $0.10917097 $152,228 
  Feb/2011 1,212,400 $132,801 $0 $0.10953563 $132,801 
  Mar/2011 1,711,200 $180,329 $0 $0.10538160 $180,329 
  Apr/2011 1,459,200 $51,780 $103,516 $0.10642544 $155,296 
  May/2011 1,444,800 $54,670 $102,494 $0.10877907 $157,164 
  Jun/2011 1,332,000 $52,834 $94,492 $0.11060511 $147,326 
Total   18,650,800 $1,591,014 $460,239 $0.10998204 $2,051,253 
136 
 
Notes 
 kWh: amount of kilowatt hours used by WPI 
 Direct Energy: provides electricity, including a commodity price 
 National Grid: provides electricity + transportation to WPI 
 
Appendix H: Floor Plans of Buildings 
The following table and figures represent the floor plans of the various WPI buildings 
surveyed. The table will provide a key, with letters that mark the location of where the lighting 
and temperature was measured and recorded. 
 
Key Building Floor Location Name   Key Building Floor Location Name 
A Library 3 Side Tables (N)   Q Atwater 1 Orange Lounge 
B Library 3 Cubicles   R Atwater 1 Room 113 
C Library 3 Lounge (S)   S Atwater 2 Tables/Windows (N) 
D Library 2 Computers   T Atwater 2 227 
E Library 2 Windows (E )   U Atwater 3 317A 
F Library 2 Books/Lounge (N)   W CC 2 Octawedge 
G Library 1 Lounge (W)   X CC 2 Dunkin Donuts 
H Library 1 Quiet Zone *N)   Y CC 3 Odeum 
I Library 1 Windows (E )   Z CC 1 TV/Pool Area 
J Library 1 Anderson Labs   AA CC 1 Forkey Commons 
K Library 0 Computers (W)   AB Goddard 1 Room 104 
L Library 0 Windows (SE)   AC Goddard 2 Room 203 
M Library 0 Windows (NE)   AD Goddard 2 Room 211 
M Kaven 1 Student Lounge (W)   AE Goddard 3 Room 311 
N Kaven 1 115 (S)   AF Goddard 3 Room 310 
O Kaven 2 207 (SW)   AG Goddard 3 Room 314 
P Kaven 2 202 (NE) 
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Appendix I: Building Photography 
The following photographs are photographs that show some of WPI’s heating 
inefficiencies that result in heat loss. These photographs were then used in comparison to the 
building survey results and online survey responses to look for correlations. The photos were 
taken on 2/4/2012. Temperature: 34°F (obtained from weather.com).  Pictures marked and 
labeled using Adobe Photoshop.  
Original photos can be viewed at the following website:  
http://s1253.photobucket.com/albums/hh586/WPI-RICKYLU/Building%20Photos  
 
 Red boxes: Windows that are not fully closed. This represents areas where there is the 
most heat loss, thus wasting the most energy 
 Blue boxes: windows that have a 3rd party window-air conditioning unit. These do not 
allow as much heat loss compared to open windows, but when improperly insulated, 
these windows with air conditioning units have a heat loss that is fair less efficient than 
having the window sealed completely.  
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